The purpose of this study is to compare the sampling methods for monitoring indoles (phenol, p-cresol, indole and skatole) in airs of swine facility. As the collecting methods of indoles in air, Tenax-TA adsorption tube and solid phase microextraction (SPME) were examined. For the preparation of calibration curves of indoles concentrated in Tenax-TA, the standard indoles solutions were spiked in each of Tenax-TA tubes and thermally desorbed (ATD) into a gas chromatograph combined with mass detector (GC/MS). And for the preparation of calibration curves by SPME, indoles in the standard gaseous solution prepared by evaporating the aqueous solution that contained indoles into a polyester sampling bag were extracted with SPME fiber and subsequently analyzed by the GC/MS. Two sampling methods were evaluated for extracting indoles present in swine building environments. Results indicated that the SPME method using Polydimethylsiloxane/ Divinylbenzene (PDMS/DVB) fiber was more effective than Tenax-TA method in extracting indoles. The gas chromatographic analysis showed that the linearities of calibration curves and detection limits were useful for detection of indoles in swine airs. The field tests also showed that considerably different levels of indoles were present in various parts of the swine building.
Introduction 1)
Odors from piggeries and slurry spreading operations have increased complaints among citizens in communities near livestocks (Yu, 2004) and several measures for reduction of offensive odors had been proposed (Yu, 2012) . It is generally accepted that the probiotic additive mixed in feed result in a reduction in excretion of substrate for production of odors (Kim, et al, 2003 ; Lee, 2008 ; Hong, 2007) . But the debatement efficiencies of odors have been scarcely improved, probably due to the complexity of analyzing the odorants such as ammonia, volatile nitrogen compounds like trimethyl amine, hydrogen sulfide, mercaptan and volatile fatty acids (Tanaka et al, 1991) , whose odor threshold values are extremely low. Recently, emission of these odorants have been regulated by the offensive odor prevention law, and thus attempts to characterize the odors from swine facilities by analytical evaluation of odorants have been increased in literatures (Oh et al, 2006 ; Ko et al, 2013 ; Hobbs et al, 1995 ; Zhang et al, 2010 Although phenol, p-cresol, indole and skatole, which are named as indoles (Willig et al, 2004) , are known to be the key odorants of swine wastes in addition to the volatile fatty acids (Hoob et al, 1999) , few analytical examples of indoles from the airs of swine facility were found in literatures. And even now, their emissions are not regulated in the offensive odor prevention law. So far, we have studied the quantification methods of indoles in the airs of swine facilities.
As the method of analysis of airborne indoles which contribute to a varying degree to the malodor of swine slurry, adsorption of indoles in Tenax tube or carbon molecular sieve and subsequent analysis with a gas chromatograph are described in papers (Hoshika et al, 1978 ; Zahn et al, 1997) . US EPA (Environmental Protection Agency) presents TO-01
and TO-02 for the official method of analysis of indoles in air (EPA, 1999) . And also National Institute of Occupational Safety and Health (NIOSH, 1996) states the air sampling method of volatile organic compounds including indoles. But these have the problems such of poor separation efficiencies because of using a packed column and long sampling time for collecting the large volume of airs due to the very low odor threshold values of indoles.
Because of simplicity, easiness, sensitivity and no need of solvent, the extraction method of volatile organic compounds by SPME (abbriviation of solid phase microextraction), that was invented 1990, has been developed in a lot of application fields. And it was confirmed that SPME is effective for collecting indoles from the slurry such as cattle manure (Larreta et al, 2006) . Though dynamic air sampling method for collecting indoles by SPME was suggested by Razote et al (2002) , it is inconvenient to extract indoles in air onsite. And it would be not easy to evaluate the concentrations of odors from swine facilities that vary by the minute.
Thus, we attempted to compare the two sampling methods of indoles in airs from swine facilities ; one is the adsorption of indoles in airs to Tenax tube, desorption by automatic thermal desorber and consequently gas chromatographic analysis and the other is collection of indoles in airs desorption into gas chromatography, and suggest the usefulness of usefulness of each method.
Materials and methods

Chemicals and experimental equipments
Target compounds used in this study are characterized of injection port, oven and detector were set at 250℃, 150℃, 280℃, respectively. The carrier gas was helium at 1 mL/min. The mass spectrum from each chromatographic peak was compared with the spectra of indoles standards to identify the species of the compound. The TIC(total ion chromatogram) of each peak was integrated. The quantity of the compound was calculated by using a standard-calibration curve.
The SPME system, including reaction vials, extraction stand, holder, and fibers (100 mm Polydimethylsiloxane (Table 2 .), respectively. The standard working solutions were used for determining detector response factors and preparing calibration curves. All standard solutions were stored in a refrigerator (4℃) when not in use.
Calibration curves for the Tenax tube method
Compounds obtained from the standard solutions were tentatively identified first by their retention times with direct injection of 1.0 ㎕ of each compound dissolved in the working solution. Calibration of sorbent tubes was performed as follows. 1.0 ㎕ of each standard working solution was spiked into a sorbent tube and then pure N2 gas was flowed in the tube at 50 mL/min for 5 min. The spiked tube was equipped in ATD and desorbed into GC/MS.
Selection of SPME fiber
Solid phase micro-extraction follows the principle of equilibrium extraction. The amount of chemical compounds in the sample matrix and the quantity of the compounds absorbed in the stationary phase on the SPME fiber is related to an equilibrium status at experimental condition. The combination of extraction time, reaction temperature and sample air are the essential factors determining the extraction conditions.
Instead of finding the optimal extraction conditions, our goal for this experiment was to develop a feasible and reproducible extraction condition for indoles analysis of the air of swine facility. The equilibrium state of the SPME is described by the equation below (Yo, 1999) .
Where Ni is the amount of i compound in the stationary phase. C o is the concentration of i compound in air, and Vi is the volume of the stationary phase. In this study, Vi is constant. Therefore, the K value of each compound represents the adsorption efficiency of the fiber to extract the compound from the air.
Variability of each K value from each experiment is related to the adsorption ability of SPME fiber and experimental condition.
To test the effectiveness of SPME fibers in extracting indoles of the standard solution in a 20 ml vial, four SPME fibers (100 mm PDMS, 75 mm CAR/PDMS, 65 mm PDMS/DVB and 65mm DVB/ CAR/PDMS) were utilized in a preliminary investigation.
The SPME fibers were conditioned as recommended analyzed the fiber after desorption and found no compound remaining in the fiber after a 3 minute desorption period. Therefore, it was confirmed that a thermal desorption time of the 3 minutes is sufficient to force the compound out of the fiber. 5 point calibration curve for each fiber was made by directly injecting the fibers into the gas chromatography/mass spectrometer (GC/MS). Table 4 . Weather condition at sampling sites 2.2.4. Calibration curves for the SPME method
The gaseous standard solutions were prepared by adding a few microliters of the liquid standard solutions into 10.0 L polyester bags, heating them at 80℃ for 20 minutes and leaving them to reach ambient temperature. Before SPME concentration in a fiber, the standard gas was warmed in a oven at 25 ± 1℃ for 15 minutes, and then the fiber inserted into the gas bag through the Teflon cock and remained for 30 minutes. The adsorbed fiber was then retrieved into the needle of the fiber assembly. Once desorption period was over, the fiber was baked in a hot auxiliary injection port for 3 minutes at the conditioning temperature of each fiber. The adsorbed fiber was then retrieved into the needle of the fiber assembly.
The detection limit study was carried out by performing seven replications of samples at the concentration of the lowest calibration point. All laboratory and field sampling were carried using three replications. Temperatures, humidities and wind speeds at sampling sites are presented in Table 4 . To extract the indoles in sample bags with the SPME fiber (PDMS/DVB coating), the SPME needle was inserted into the sampling bag through the Teflon cock and the fiber was exposed for 30 minutes. The exposure depth of the SPME fiber in the sampling bag was maintained for all sampling by keeping the holder needle to 1 cm below the Teflon cock. After concentration on the fiber, the fiber was retracted in the holder and the whole SPME assembly was wrapped in a plastic film, placed in a small box with ice until GC analysis. Table 5 . That all of correlation coefficients are over 0.99 means high linearity of calibration curves.
Field sampling
Detection limits of this method that used a capillary column is lower than 1 ng described in the paper by Hoshika and Muto (1978) that used a packed column for analysis of indoles in Tenax-GC tube, so this method is found to be more sensitive than better than the their method. On the other hand, the method using HPLC (High Performance Liquid Chromatography) published by Willig (2004) presented 0.01 ng of detection limits of indole and skatole. Thus, this method that used GC/MS is less sensitive than that of HPLC. And indole and skatole, boiling points of which are higher than those of phenol and p-cresol, showed higher sensitivities than those of phenol and p-cresol and this is similar to Willig's measurents. Result of measuring the concentrations of indoles in indoor airs using Tenax-TA is represented in Table   6 . In cases of 50 L or 100 L of sampling volume, the concentrations of indole and skatole were found to be lower than their detection limits, but increasing sampling 
Analysis with SPME
The calibration curves, correlation equations and coefficients of four fibers obtained from the experiments of standard aqueous solutions of indoles are shown in Fig. 3 . ～ Fig. 6 . and Table 7 . In the case of phenol and p-cresol, sensitivities (defined as the slope of the calibration curve) were relatively lower than those of indole and skatole. On the contrary, the sensitivity of skatole was indicated to be highest. Even though CAR/PDMS fiber was seen to be most effective for all target compounds (Cai et al, 2006) , the standard deviation of concentrations obtained with CAR/PDMS was unacceptably high. The reason of high deviation of CAR/PDMS was the tailing phenomenon of the indole peak observed in the total ion chromatogram.
So in this study, PDMS/DVB fiber was selected for the extraction of indoles. Table 7 . Correlation equations and coefficients of four fibers Detection limits, calibration curves and correlation coefficients using PDMS/DVB fiber for the evaporated indoles obtained from PET bags are given in Table 8 .
Because of the same reason of high volatilities of phenol and p-cresol, it was observed that phenol and p-cresol are more detectable than indole and skatole. Table 8 . Detection limit and linearity determination for the indoles in PET bag PDMS/DVB
Analysis of field samples
One of total ion chromatograms of volatile organic compounds taken at the swine facility is shown in Table 9 . And the data measured by Willig et al. (2004) are added in the lower lines in Table 9 . 
Conclusions
In conclusion, the polyester bag sampling of swine airs and SPME extraction of indoles is simple and effective, compared to adsorption in Tenax-TA tube.
For SPME fiber, PDMS/DVB is adequate for extracting indoles in a swine facility. By extraction of indoles in 10 liter air sample collected from the swine facility, SPME fiber could gain the detection limits of phenol, p-cresol and indole which are below the odor threshold of each compound. But the odor threshold value of skatole was lower than its detection limit.
The SPME method showed acceptable ranges of reproducibility with standard chemical odor mixtures.
We recommend use of an 10 liters polyester bag and PDMS/DVB-coated SPME fiber rather than Tenax-TA tube for collection of indoles in swine facility.
